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APPEND I X A. EGRESS/ I NGRESS OPERAT I ONS 
EGRESS/ 1 NGRESS I NTERFACES 
The LSB func t i ona l  f low ana l y s i s  has provided a I 
egress in te r faces  associated w i t h  t h e  LSB mission, t h e  
s t  o f  poss ib le  ingress; 
resu I ti ng a c t  i v i  t i es 
o f  concern are i d e n t i f i e d  by F igure A-I. Bas i ca l l y ,  t he re  e x i s t s  th ree  
operat ional  phases i nvo lv ing  both recu r r i ng  and nonrecurr ing ingress/egress 
operations. 
includes t h e  i n i t i a l  base erec t ion ,  p e r i o d i c  l o g i s t i c s ,  scheduled and unscheduled 
r e p a i r  and maintenance, poss ib le  e x p l o i t a t i o n  and contingencies. , -  
The f i r s t  phase i s  t h a t  i nvo l v ing  base f a c i l i t i e s  support which 
. .  
The second phase involves base-dependent experimentation and exp lo ra t ion .  
Once t h e  base Is establ ished, t h i s  phase i s  t h e  nex t  step i n  expanding t h e  
sphere o f  in f luence o f  t h e  LSB, Local experimentation, exp lo ra t ion ,  and 
perhaps, t r a v e l  t o  remote experiment modules w i  I I p rov ide  t h e  opera t iona l  
prov ing ground f o r  t h e  nex t  phase, remote s o r t i e s .  
s o r t i e  associated operat ions repeat, i n  min ia ture,  t h e  
The veh ic les  must be repaired, modified, loaded and 
t h e  s o r t i e .  Several poss ib le  means are a v a i l a b l e  t o  
e e e s  garaged equipment, base-docked vehicles, 
however, these are  a l l  v a r i a t i o n s  on t h e  o r i g i n a l  
base f a c i l i t i e s  operat ions.  Next invo lves t h e  actual  s o r t i e  experimentation 
and exp lo ra t i on  which, again, i s  a v a r i a t i o n  on (and opera t i ona l l y  dependent 
upon) t h e  techniques developed dur ing t h e  base exp lo ra t i on  phase, Table A - l  
deta i  Is t h e  above Ingress/egress operat ions i nhe ren t l y  i nc lud ing  t h e  
several base conf igura t ions ,  S p e c i f i c  operations, procedures, and t ime l i nes  
are developed i n  t h e  subsequent tasks. 
I n  essence, t h e  
previous two phases: 
checked-out p r i o r  t o  
prepare t h e  s o r t i e  ( 





Table A-1 ,  Base Ingress/Egress Operations 
A. Base Support 
1. Logis t ics  (Cargo handling, t r a n s p o r t a t i o n )  
a )  With rover* 
b )  Without rover 
2. Erection 
a )  With heavy machinery (at tached t o  rover)* 
1) &in base 
2 )  Secondary modules 
3 ) Supporting equipment 
b )  Without heavy machinery 
l ) 2 ) 3 )  above 
3.  Repair and Maintenance 
a )  With use of vehicle  and heavy machinery* 
1 ) Periodic inspec ti on, repair/replacement 
( i f  necessary) of base s h e l t e r  module (s ) 
2 ) Periodic inspection, repair/replacement 
( i f  necessary) of launch f a c i l i t i e s  
3)  Periodic inspection, repair/replacement 
( if  necessary) of l o c a l  sensors/science equipment 
b )  Without use of vehic le  
l)2)3) above 
4. Contingencies 
a )  Evacuation: 
1) t o  aux. s h e l t e r  
2 )  t o  launch vehicle  
3)  from disabled s h e l t e r  
4 )  from disabled vehicle  
b )  Emergency encasement due t o  rad ia t ion ,  e t c .  I 
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Table A-1. Base Ingress/Egress Operations (cont  ) 
A. Base Support 
5. Ekplo i ta t ion  - Mining 
B. Local Experiment/Ekploration 
1. Perform l o c a l  experiment (within one day ' s  t r a v e l  from base )  
a )  w i t h  vehicle* 
b ) without vehicle  
2 Perf om l o c a l  explora t ion  (within one day ' s t r a v e l .  from base ) 
a ) b )  above 
3.  Travel t o  remote experiment s h e l t e r  module 
a ) b )  above 
C. S o r t i e  Associated (multi-day independence from base)  
1. Repair and maintain vehic les  
2. Checkout vehic les  
3. Load/unload vehic les  
4. Modify vehic les  (attachments) 
*Requires R&M and checkout of vehic les  pe r iod ica l ly .  
Important f a c t o r s  assoc ia ted  wi th  Ingress/Egress: 
Dust removal 
Size of load ( V o l . ,  Dimensions) 
Power required f o r  A/L 
Time for A/L 






The I ngress/egress requi rements app I i cab l e  t o  t h e  LSB, as determi ned 
by t h e  So la r  Powered Space S ta t i on  and t h e  O r b i t i n g  Lunar S ta t i on  studies, 
are presented below:: . 
Genera I Requi rements 
I .  An opening s h a l l  be prov ided which a l lows f o r  t h e  t r a n s f e r  o f  crew 
between two adjacent volumes i n  a sh i r t - s leeve  environment. Th is  opening 
s h a l l  a l so  be capable o f  a l l ow ing  t h e  t r a n s f e r  between volumes o f  cargo of 
5- foot  diameter. The opening s h a l l  be capable of being sealed w i t h  o r  
against  a pressure d i f f e r e n t  
0.38 psi/minute, and o f  prov 
atmospheric design pressure 
crew t r a n s f e r  on l y  shal I hav 
t o  42 inches preferred,  The 
a1 r a t e  of change between the  two volumes o f  
d ing a p ressure- t igh t  seal against  t h e  maximum 
n e i t h e r  d i rec t i on .  A is les  and passageways for 
a minimum width o f  32 inches, w i t h  36 inches 
he igh t  s h a l l  be a minimum o f  82 inches w i t h  
86 inches pre fer red .  A he igh t  of 84 inches s h a l l  be considered as nominal. 
Tunnels f o r  crew t r a n s f e r  only, which are  less than seven f e e t  i n  length, 
s h a l l  have a minimum diameter o f  42 inches; tunnels  which are  g rea te r  than 
seven f e e t  s h a l l  have a minimum diameter o f  48 inches. 
2. An i n t e r n a l  a i r l o c k  w i l l  be prov ided which a l lows f o r  t h e  t r a n s f e r  
o f  I V A  personnel between adjacent separate ly  p ressur izab le  volumes when a 
pressure d i f f e r e n t i a l  e x i s t s  o r  one volume i s  contaminated. I t  s h a l l  be 
capable o f  accommodating two pressure-suited men w i t h  backpacks o r  w i t h  
umbi l i ca ls ,  One may be incapaci ta ted.  Transfer  o f  t h e  two men s h a l l  be 
poss ib le  unaided by o t h e r  personnel, 
pressur ized o r  depressurized opera t ion  w i t h  e i t h e r  of  the  two connecting 
The a i r l o c k  s h a l l  be capable o f  
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volumes depressurized. The a i r l o c k  s h a l l  have a minimum he igh t  of 48 inches 
and a minimum diameter of 60 inches fo r  a c y l i n d r i c a l  a i r l ock ,  o r  a minimum 
width and depth of  42 inches and 60 inches, respect ive ly ,  f o r  a rec tangu lar  
a i  r l ock .  
access t o  and egress t o  each pressure volume shal I be provided. 
Use o f  t h e  a i r l o c k  s h a l l  n o t  cause a r a t e  o f  pressure drop of more 
Outward openihg hatches and associated ac tua t i ng  mechanisms w i t h  
than 0.5 psi/second i n  t h e  connecting volumes fo r  normal operations. 
ra tes  are  acceptable for  emergencies. 
and r e t u r n  i n t o  an unpressurized volume) s h a l l  n o t  cause the  atmospheric 
pressure i n  t h e  pressur ized volume t o  drop below 62 percent o f  t h e  normal 
operat  i ng pressure a 
Higher 
Three uses of t h e  a i r l o c k  (en t r y  
3. The c a p a b i l i t y  s h a l l  be prov ided which a l lows t h e  t r a n s f e r  o f  EVA 
personne 
be capab e o f  accommodating two pressure-suited men w i t h  backpacks o r  w i t h  
umbi l i ca  s. One EVA man may be incapaci ta ted.  Trans fer  o f  t h e  two men s h a l l  
be poss ib le  unaided by o t h e r  personnel. 
pressur ized o r  depressurized opera t ion  w i t h  t h e  connecting volume(s) e i t h e r  
pressur ized o r  depressurized. Use of t h e  a i r l o c k  s h a l l  n o t  cause a r a t e  
of pressure drop of more than 0.5 psi/second i n  t h e  connecting volumes f o r  
from one of  t h e  pressur izab le  volumes t o  and from space. It s h a l l  
The a i r l o c k  s h a l l  be capable o f  
norma t operations. Higher ra tes  are acceptable f o r  emergencies, Three uses 
of t h e  a i r l o c k  ( e x i t  and r e t u r n )  s h a l l  n o t  cause t h e  atmospheric pressure i n  
any pressur ized volume t o  drop below 62 percent o f  t he  normal opera t ing  
p ress u r e  e 
4, A minimum dis tance of IO f e e t  s h a l l  separate t h e  two openings on 
any one deck, edge t o  edge, The same minimum dis tance s h a l l  separate t h e  
opening o f  t h e  i n t e r n a l  a i r l o c k  from t h e  o the r  opening o f  t h e  same deck. 
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5, Staterooms, laborator ies,  t o i  l e t s  and o the r  areas w i t h  r e s t r i c t e d  
access shal I prov ide  two separate entry/egress paths for  personnel e The 
two separate paths s h a l l ,  where possible, lead t o  d i f f e r e n t  areas on t h e  
deck. Where it is n o t  p r a c t i c a l  t o  prov ide doors o r  normal access routes, 
t he  second entry/egress paths may be provided by knock-out panels f o r  
emergency use. These should be capable of being opened from e i t h e r  side. 
These requirements de f ine  a minimum ingress/egress c a p a b i l i t y ,  t h e  
maximum being def ined by t h e  LSB operat ional  ob jec t ives .  Examining t h e  
base f a c i l i t i e s  ingress/egress i n te r faces  it i s  noted t h a t  on l y  c e r t a i n  
equipment may exceed t h e  above requirements f o r  crew a i r l o c k s  ( i . e e s  vehicles, 
large s c i e n t i f i c  equipment, major base support systems). 
may requ i re  a modular component s t r u c t u r e  or, i n  t h e  case o f  vehicles, 
separate garaging f a c i l i t i e s .  I dea l l y ,  t h i s  equipment i s  i n i t i a l l y  
i n s t a l l e d  i n  t h e  base modules and designed i n  modular form f o r  t h e  aforementioned 
Th is  equipment 
ingress/egress capabi I i t i e s .  
Concerning experiment equipment: an inspec t ion  o f  t h e  LSB exper ment 
equipment l i s t  shows t h a t  a l l  equipment except t h e  f o l l o w i n g  f a l l  we I 
w i t h i n  t h e  guide l ines.  
The exceptions: The var ious telescopes, e lec t ron  microscope, antenna sets, 
RF noise survey system, t h e  var ious laborator ies,  t h e  30-and 300-meter d r i  I Is, 
t h e  carbo-thermal processing u n i t ,  Each o f  t h e  above exceptions i s  e i t h e r  
extra-base equipment o r  incorporated i n  t h e  base module design and, once 
emplaced, i s  s ta t i ona ry ,  
(Most EVA equipment i s  designed t o  be hand car r ied , )  
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The Ingress/egress i n te r faces  are readi l y  determi ned; however, ' the  
actual  c y c l i n g  requ i red  i s  somewhat undefined. The c y c l i n g  associated 
w i t h  base erect ion,  l o g i s t i c s ,  r e p a i r  and maintenance and o the r  base suppor t  
operat ions has n o t  been i d e n t i f i e d .  A reasonable approach i s  t h a t  t h e  main 
crew support module be deployed and ac t i va ted  as soon as poss ib le .  
t h i s  module as t h e  base o f  operations, t h e  o the r  modules would be 
pressur ized as connected, thus p rov id ing  I cyc le  pe r  two-man work crew ( o r  
four-man work crew i f  a four-man a i r l o c k  i s  ava i l ab le )  each day u n t i l  
module completion. A f t e r  t h e  base i s  f u l l y  ac t i va ted i  requirements on t h e  
observatory demand e i t h e r  a f u l l  crew a t  t h e  d i s t a n t  module or  I two-man 
cyc le  per  day f o r  maintenance. 
add i t i ona l  cyc l ing ,  as y e t  undefined. LSB experimentation ingress/egress 
requirements a re  presented i n  Table A-1. The cycling required should be 
With 
Vehic le  preparat ion/ repai  r may requ i re  
t r e a t e d  as a conservat ive gu ide l i ne  u n t i l  a more accurate, deta i led, '  
ingress/egress i n te r face  p lan  i s  ava i lab le .  Therefore, f o r  t h e  purpose 
o f  t h i s  repor t ,  it i s  n o t  unreason b l e  t o  assume t h a t  a t  l eas t  one c y c l i n g  
d a i l y  i s  required, perhaps as many as f o u r  i f  several work crews are  involved. 
FigureA-2 showsthe e f f e c t  o f  i n d i v  dual cyc l i ngs  on a I0-hour work day for  
var ious cyc l  i ng concepts: comp l e t e  s u i t  change; PLSS change on ly  each cycle; 
one PLSS change on I y 
OPTION SYNTHESIS 
The major components o f  t h e  f u l l y  opera t iona l  LSB w i l l  c o n s i s t  o f :  
a) Two o r  more crew modules 
b 1 One o r  two I aboratory modu les (excl udi" ng observatory 1 
c >  Garaging f a c i l i t i e s  ( w i t h  workshop) 
d) Base operat ions module 
A-8 
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e)  Support i ng systems modu I e 
f 1 Warehouse modu I e 
g )  Observatory, d r i  I I i ng  o r  o the r  spec ia l  science modules 
Some of  t h e  above components may be f u n c t i o n a l l y  grouped i n t o  one module; 
an independent opera t ion  i s  assumed i n  t h i s  analys is .  
EVA p repara t ion  and post-operation have been determined i n  F igure  A-2. 
A c t i v i t i e s  inc lude:  
Preparat ion (45 m i n e ) :  Donn i ng under-garme-nf- 
S u i t  and PLSS systems connection and 
checkout (pre-breathing n o t  inc luded - 
n o t  necessary for  cab i n atmosphere 
<IO p s i )  
Post-Operation (60 min.): Dust con t ro l  
Do f f i ng  PLSS, s u i t ,  and undergarment 
S u i t  maintenance 
Hence, each egress/ingress consumes a t  l eas t  1-3/4 hours, n o t  i nc lud ing  any 
non-concurrent pumpdown t ime. Therefore, modules requi r i n g  f requent  
ingress/egress fo r  t h e  s o l e  purpose of intermodule t r a n s f e r  should be 
connected f o r  i n t e r n a l  t rans fe r ,  i f  p h y s i c a l l y  poss ib le .  
O f  t h e  above. l i s t  of components, c e r t a i n  modules may au tomat ica l l y  be 
se lec ted  f o r  j o i n i n g  t o  form t h e  i n t e g r a l  base complex from the  requirement 
for  f requent  t r a n s f e r :  
a. Crew s t a t i o n s  ( in termodule t r a n s f e r  several t imes dai l y )  
b. Base operat ions 
c, Laboratory modu I es 
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I n  add i t ion ,  one o r  more o f  t he  fo l l ow ing  may be j o lned  t o  t h e  above 
comp I ex : 
d. Garaging f a c i  I i t i e s  ( p e r i o d i c  t r a n s f e r )  
e. Warehouse 
f. Support i ng systems 
The observatory w i l l  be placed a t  a d is tance from the  cen t ra l  complex, 
and, s ince r e q u i r i n g  frequent maintenance, may requ i re  on- locat ion support 
person ne I e 
OPT I ON EVALUAT I ON 
In implementing t h e  LSB m 
l eas t  one a i r l o c k  (AL)  c y c l i n g  
ssion, i t  i s  no t  unreasonable t o  e s t  
pe r  day. Assuming on ly  a. 100 f t 3  AL 
per iod  o r  about 850 ibm o f  atmosphere 
normal leakage. On t h e  overa l  I t h ree  
t o  5,100 t o  8,500 Ibm, f a r  overshadow 
Developed i n  t h i s  sec t ion  are t h e  var 
AL pumpdown system. 
mate a t  
a t  
I O  p s i ,  an AL dump would requ i re  5 Ibm/cycle x I cycle/day x 180 days/resupply 
per  resupply pe r iod  i n  a d d i t i o n  t o  the  
t o  f i v e  year LSB mission, t h i s  amounts 
ng a.pumpdown (and power pena l ty )  system 
ous fac to rs ,  i n  parametric form, f o r  an 
A-ll 
Equations were developed r e l a t i n g  t h e  phys ica l  p roper t i es  of  an 
air lock-pump-receiver system for an a r b i t r a r y  gas system using a mechanical 
p o s i t i o n  displacement pumping model. 
on a simi l a r  manner; a 40 percent pumping e f f i c i e n c y  (Reference A - I )  was 
A mu l t i -s tage pumping process operates 
assumed t o  account f o r  t h e  add i t i ona l  work requi red.  The process i s  as 
fo l  lows: 
A. A simple model t o  be kept  i n  mind describes t h e  p o s i t i v e  
d i sp I acement pump i ng process e 
a i r l o c k  and rece ive r  connected by a p i s ton -cy l i nde r  pump 
w i t h  two check valves. 
t h e  rece ive r  va lve  i s  closed and t h e  a i r l o c k  opens, i n  e f f e c t ,  
increas ing t h e  a i r l o c k  volume a d i a b a t i c a l l y  by t h e  c y l i n d e r  
The major components a re  an 
Upon the  c y l i n d e r  expansion s t r o k e  
volume. (For computation purposes an incremental mass was 
chosen t o  be removed.) The new cond i t ions  i n  t h e  a i r l o c k  and 
cy I i nder are: 
ma = m a i  - Am? new a i r l o c k  mass remaining 
(i denotes prev ious va I ue) 
new s p e c i f i c  volume Va - "a/, p - 
AV = va m a l  - VAI vo I ume removed 
ad iaba t i c  pressure change 'ai y 
Va 
Pa = Pai (-1 
Ta RG = Pa V, new temperature from t h e  
' equat ion of s t a t e  
The work requ i red  i n  t h i s  expansion is n e g l i g i b l e .  
B. On t h e  compression s t roke  t h e  a i r l o c k  check va lve closes and an 
ad iabat ion  compression occurs u n t i l  t h e  c y l i n d e r  cond i t ions  
match t h e  rece ive r  cond i t ions  and t h e  rece ive r  check va lve 
opens.. Empir ica l  l y :  
Am 
w 1  = (TkiRC; - T a b )  work ‘requi red f o r  
ad i abat i c compress ion  
t o  match rece iver  
cond i t ions  
vo I ume of cy I i nder when 
rece ive r  cond i t ions  are 
matched ( i . e e 9  AV i s  
compressed t o  V2 vo I ume) 
C. The rece ive r  check va lve opens and t h e  remaining process invo lves 
a compression o f  t h e  new e f f e c t i v e  rece ive r  volume ( V K  + V2) t o  
t h e  ac tua l  rece ive r  volume ( V K ) .  Both isothermal (constant  
temperature) and ad iaba t i c  (no heat  f l u x )  processes were considered: 
I sotherma I 
mk = mki + Am new rece ive r  mass 
isothermal compress ion 
‘rema i n i ng compression work 
w = W f  + W ”  t o t a  I work requi” red  
Q = W  heat f l u x  o u t  o f  system ( iso thermal )  
A-13 
new rece iver  mass 
ad i abat i c compress i on 
new rece iver  temperature 
comD ress i on work 
RG Tk - RG Tk i  
W"  = m,, 
K 
np ( I  - y )  
w = W '  + W "  t o t a l  work requ i red  (no heat  f I ux) 
The above was ca l cu la ted  f o r  vary ing  a i r l o c k  and rece ive r  s izes  
and f o r  d i f f e r e n t  gas system. 
100 f t 3  a i r l o c k  volume pumped ( f r e e  space volume) and a IO ps i  
atmosphere (3.5 P 6.5 P N ~ ) .  The r e s u l t s  are presented i n  
parametr ic   TO^. 
Base I i ne : 
Chosen as basel ines were a 
02 
Volume pumped vs. a i r l o c k  mass remaining - Figure A-3 
Receiver pressure vs. rece ive r  volume - 
Ad iabat ic  - Figure A-4a 
Isothermal - Figure A-4b 
Rece i ve r  temperature vs e rece i ve r  vo 
Heat t r a n s f e r  r a t e  ( B t u ' s / f t 3  pumped 
ume - Figure A-5 
vs e rece i ver  vo I ume - 
Figure A-6 
Work r a t e  ( kwhr / f t 3  pumped; vs. a i r l o c k  mass remaining - 
Figure A-7 
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Temp. Fm. AP-86, Exp. 5-30-71 
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Cumu I a t  i ve work requ i red vs e rece i ver  vo I ume 
Ad iabat ic  - Figure A-8 
Isothermal - Figure A-8b 
Average power requi red vs. pumpdown ti’me 
Ad iabat ic  process, rece ive r  volume IO f t 3  - FigureA-ga 
Isothermal process, rece iver  volume B 1000 f t 3  - Figure A-lOa 
Peak power requi red vs. pumpdown t ime 
Ad iabat ic  process, rece ive r  volume IO f t 3  - Figure A-9b 
Isothermal process9 rece iver  volume z- 1000 f t 3  - Figure A-lob 
S e n s i t i v i t y :  
A i r l o c k  volume - volumes o f  50, 200, 5000 ft3 were analyzed 
as fo l lows:  
Volume removed vs. a i r l o c k  mass remaining 
50 f t 3  
200 f t 3  F igure A-3 
5000 f t 3  
Receiver pressure vs. rece iver  volume ( iso thermal )  
50 f t 3  
200 f t 3  F igure A-4b 
5000 f t 3  
Average heat f low r a t e  ( B t u ’ s / f t 3  removed) vs. a i r l o c k  
volume, rece iver  volume > 1000 f t 3  - Figure A-I 1 
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Average pumping power vs. a i r l o c k  volume (parameterized 
w i th  respect t o  pump down times and pumping r a t e s )  - 
Figure A - 1 3  
Peak pumping power vs, a i r l o c k  volume (above) - Figure A-14 
Atmosphere se lec t i on  - pressures o f  7 p s i  (3.5 Po2# 3.5 P N ~ )  
and 14.7 ps i  (standard atmosphere) were analyzed as fo l lows:  
Average pumping power vs. pump down time, a i r l o c k  volume 
100 f t3,  receiver  > 1000 f t 3  - Figure A-15 
Peak pumping power vs. pump down t ime - Figure A-16 
Sample Calcu lat ion:  
A i  r l o c k  Pump Down Performance 
I . Assumpt i ons : 
A i r l ock  volume = 100 f t 3  
A i r  mass remaining i n  a i r l o c k  = I Ibm 
Pump down t ime = IO minutes 
To Determi ne: 
Volume o f  a i r  pumped 
Volume r a t e  pumped 
Work requi red 
The volume o f  a i r  pumped can be determined from 
FigureA-3. Using the  parameter o f  a i r  mass remaining 
of I Ibm and an a i r l o c k  
volume o f  a i  r pumped o f  
using t h e  same parameter 
read power requi red o f  0 
olume o f  100 f t3,  read 
90 ft3, From Figure A-12 
of 100 f t 3  and I Ibm, 
17 KWh. Assuming a pumpdown 
A-27 
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t ime o f  10 minutes, t he  volume r a t e  pumped i s  
190 f t 3 / 1 0  mine = 19 f t3 /min.  The power required 
i n  (KW) = 0.17 KWhr/1/6 h r  = 1.02 KW. These 
values can be checked by using Figure A-13; however, 
t h i s  f i g u r e  i s  on ly  good f o r  the cond i t i on  where the  
a i r l o c k  i s  pumped down t o  I Ibm remaining. 
J 
.- - e- - --  
I 
Work = 17 KWH 
Volume = 190 f t 3  
I f  pumpdown t ime = IO min. (1/6 hr.)  
Then : 
1 9  f t3 /mine pump r a t e  
1-02 KW o f  power 
2, I f  a i r l o c k  volume = 200 f t 3  and 2 Ibm remaining: 
Then: 
350 f t 3  pumped 
.26 KWH power requi red 
A-31 
I 
I f  30 f t 3 /m in  pumped 
Then : 
Time = 12 min . ( l /5  h r . )  
Average power = .26 x 5 = 1.3 KW 
SYSTEM EVALUATI ON 
For op t i on  evaluat ion,  a i r l o c k  atmosphere, p o s i t i v e  displacement and 
scavenge pump weights have been determined and presented i n  F igure A- 7. 
Cryogenic tankage pena l t i es  have been i d e n t i f i e d  (Reference A-2) t o  be: 
02 = -310 Ibm/(lbm 02) 
N2 = .75 Ibm/(lbm N2) 
He = 3.00 Ibm/(lbm He) 
Power system eva lua t ion  determines 
t o  be: 
500 I bm/average da i 
The s t r u c t u r a l  pena l t i es  f o r  tunne 
8ZS' x 40Q9 x 
6OVs x 40" x 
Hatches are estimated a t :  
I50 I bm/hatch 
ength 
ength 
t h e  cos t  o f  energy and power estimated 
y kw's of power 
s (based on I Ibm/ f t2)  are: 
= 17 
= 14 
bm/f t  length tunne 
bm/f t  length tunne 
Ai r locks,  a combination of t h e  above, a re  estimated 
84" x 6OsS x length; 2-hatch = 300 
3-hatch = 450 
60fs x 60" x length; 2-hatch = 300 
a t :  
bm + 24 Ibm/ f t  ength 
bm + 24 I b m / f t  length-1.4 ft 
bm + 20 Ibm/ f t  length 
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The fo l l ow ing  example shows t h e  e f f e c t  of i n t e r n a l  passages vs. EVA 
t r a n s f e r  : 
Consider two modules r e q u i r i n g  one c y c l i n g  o f  two crew members 
dai l y  (e.g., crew module t o  base operat ions and re tu rn ) .  For 
EVA t r a n s f e r  through an 84" x 60" x 60" a i r l o c k  (s imi  l a r  
apparatus a t  t h e  second module) w i t h  a twenty-minute pumpdown, 
a minimum of f i f t y - f i v e  minutes i s  requ i red  f o r  each t r a n s f e r  
(IO minutes o f  pumpdown concurrent w i t h  s u i t  checkout) f o r  a 
t o t a l  o f  one hour, 50 minutes d a i l y  requ i red  for  a complete 
cyc le ,  The weight pena l t i es  are: 
Svstems 
2 two-hatch a i  r l o c k s  840 Ibm 
A i  r l o c k  pump & motor 100 Ibm 
Pump i ng power 
(40 m i d d a y  @! .7 Kw AV)  10 Ibm 
950 Ibm 
Consumables 
Manpower ( @  12.5 Ibm/manday) 1.9 Ibm/day 
A i r l o c k  dump ( . I  Ibrn each) - 2  Ibm/day 
2.1 Ibm/day 
For j u s t  t h e  bas ic  systems weight an equ iva len t  tunnel length can be 
determi ned : 
950 Ibrn - 300 Ibrn hatches = 650 Ibrn f o r  tunnel, 
@ 17 Ibm/ f t  gives 
38 f t .  length (8Zqp  x 40") 
A-34 
I n  add i t ion ,  for  each day o f  operatlon, t h e  tunnel length can be 
extended .I2 f e e t  o r :  
Equiva lent  tunnel length = 38 f t  + .I2 f t /day  
RECOMMENDED CONCEPT 
The f u l l y  in tegra ted  concept, i s  recommended as 
being t h e  b e t t e r  opera t iona l  and minimum weight concept. The var ious 
phys ica l  p roper t i es  are: 
Main i n t e r n a l  hatches, access ways: 8OtV x 34" 
Large a i r l o c k  hatches: 80" x 60" 
Sma I 1 a i  r l o c k  hatches : 80" x 40" 
Tunnels: 82" x 40" x length 
Large a i r l o c k  (4-man) : 84" x 60" x 96" (280 f t 3 )  
Smal I a i  r lock (2-man) : 84" x 60" x 60" ( I75 f t 3 )  
The advantages o f  such a con f igu ra t i on  are: 
I ,  In tegra ted  Concept: Allows inter-module t r a n s f e r  between those 
modules f requen t l y  v i s i t e d  w i t h  t h e  need o f  EVA, thus saving t h e  weight 
associated w i t h  module a i r  dumping ( e i t h e r  t o t a l  o r  a f t e r  p a r t i a l  pumpdown), 
pumping and a i r l o c k  equipment, and s u i t  wear, and t h e  t ime associated w i t h  
s u i t  donning, checkout, a i r l o c k  pumpdown, dust  con t ro l  do f f ing  and s u i t  
maintenance. Hatches w i l l  be requ i red  anyway and by p lac ing  modules i n  
c lose  prox imi ty  t h e  tunnel o r  connecting chamber weight i s  minimized. 
2. A i r locks :  The two a i r l o c k  conf igura t ions  o f  vary ing s i zed  a i r l o c k s  
al lows t h e  choice o f  s i z e  o f  a i r l o c k  t o  be pumped; n a t u r a l l y ,  t h e  smal le r  
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t h e  weight advantage o f  a i r l o c k  pumpdown vs. d i r e c t  dump as a func t i on  of 
cyc l ing .  
two pumpdown cycles. I f  j u s t  one four-man a i r l o c k  i s  avai lab le,  then 
th ree  pumpdown cyc les are requ i red  (two t o  egress, one t o  ingress a f t e r  
t h e  f i r s t  crew has entered) .  A six-man a i r l o c k  would a l l e v i a t e  t h i s  problem, 
b u t  then a l l  s i x  must egress/ingress simultaneously - n o t  an unreal 
c o n s t r a i n t  'in t h e  f i r s t  stages o f  base ac t i va t i on /opera t i on  b u t  i n  t h e  l a t t e r  
stages it i s  doubt fu l  s i x  men w i  I I be requ i red  t o  egre.ss/ingress. ,For 
suppl ies and veh ic le  maintenance t h e  garage and, perhaps, warehouse w i  I I be 
Th is  a l lows t h e  egress/ingress o f  s i x  men ( 4  + 2) d a i l y  w i t h  on l y  
evacuated f o r  cargo and veh i c l  e t r a n s f e r .  
3 .  Contingencies: With the  in tegra ted  concept on ly  the  incapac 
o f  m u l t i p l e  modules w i l l  d i v i d e  the  complex - i n  a l l  o the r  cases there  
e i t h e r  a primary o r  secondary rou te  avai tab le f o r  i n te rna l  t rans fe r .  ' 
4. Vehic le  In teg ra t i on :  To pump down t h e  garage f a c i l i t i e s  f o r  
t a t  i on 
e x i s t s  
d a i l y  v e h i c l e  usage would p lace u n j u s t i f i a b l e  requirements on both power 
and pumpdown t ime. Likewise, an EVA t r a n s f e r  would impose s imi  t a r  requirements 
on veh ic le  pumpdown and dust  con t ro l  i n  a d d i t i o n  t o  t h a t  on t h e  LSB. I t  i s  
recommended t h a t  a docking p o r t  be u t i l i z e d  ( s i m i l a r  t o  cu r ren t  a i r p o r t  
f a c i l i t i e s )  t o  a l low immediate i 
mentioned problems. Minimum veh 
could be accomplished by another 
preparat ion w i  I I s t i  I I be accomp 
te rna  I t r ans fe r ,  thus avoi d ing these 
c l e  mod i f i ca t i on  and/or cargo handl ing 
r e t u r n i n g  EVA crew, i f  necessary; s o r t i e  
ished i n  the  garage f a c i  I i t i e s .  
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APPENDIX B, ACTIVE THERMAL CONTROL 
onnel s k s l t  e ~ s  t h e  equipment 
s assumed t o  be adequately 




ion t o  t h e  above consi  ssumptions, it 
e& are sb i lar  f o r  both 
so t h e  following temperature ranges 
would be appl icable :  
1. Elec t ron ic  s c i e n t i f i c  equipment = -30 t o  920 F 
i t y  eorntrol and er c h i l l e r  = 45 F 
3 .  
The heat r e j e c t i o n  load  
Personnel s h e l t e r  o r  quarters = 90 + 5 F 
h of t h e  t h e e  sources would be ex- 
es f r o m  10,000 t o  20,000 Btu/hr, 
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th us 
Total 1i.f 
e c t r i e a l - i s o t  opic  power 
solar 
2 years 
10 to la0 days 
2 t o  4 
var i ab le  
e l e c t r i c a l  - i s o t o p i c  
power 
heat (power system) 
At o r  near  equator 
base 
sec t ions ,  The f i  
issussion of  
SD 71-477 B-3 
This  t o  provide d t a  t h a t  could be used 
a b l i s h  t h e  design l h i t s .  The e been p r e s e ~ t e d  i n  parametric 
sis, t h e  r a d i a t o r  s assumed t o  be  i n  a horizontal 
pos i t ion ,  s ince  t h i s  results i n  m i n  from d i r e c t  s o l a r  and 
lunar s at t h e  subsol  






e at t h e  lunar 
t h e  heat load i s  reduced t o  25 the radiata 
fectiveness of .E#. 
sibbe wil l  depend upon t h e  
uid t ha t  i s  us er that mdd be 
modified t o  include hydrogen gas 
esfgn OF loo re ject ion load. 1% t h e  heat rejec- 
t 
to aboul -200 F. FO t h i s  condition, t h e  Bow-Co h g  200 would not be a 
le coolant, and uld be t h e  only possible c 
discussion k on sizing the r a d i a t o r  at  t h e  
subsobar condition, that is, t h e  
b g  the resat  
t h i s  
ockwell 
= .PO 0 0 o r  0 
so, t eo0 
On t h e  0th 
condi t ion and at ondi t ion so t h a t  t h  
below a design value, t h e n  t h e  r a d i a t o r  t e  
at t h e  lunar d n heat load  mu& be r a i sed  t o  
r e l a t i v e l y  h h value i n  o e r  t o  r e j e c t  a l l  t h e  waste heat .  For example, 
if' t h e  r a d i a t o r  at t h e  luna r  ght condition f o r  a minimum tem- 
pera ture  of -20 F a a reduced heat load of 25%9 t h e n  at t h e  subsolar  point 
o f  t h e  lmar d 
design o r  total heat load f o r  a surface coating of  
t h e  r a d i a t o r  must operate  at about 190 F t o  r e j e c t  t h e  
/€ zs -10. Th i s  
would then requi re  an a c t i v e  system suck as a apor compression r e f r ige ra -  
t i o n  system t o  be ope order  t o  r a i s e  t 
o r  heat rejection t 
adiator so t h  
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ps the simplest would be Lo provide an 
a. would be 6s- 
3-9 
ness, rq = 0,90, 
or effectiveness,  
l e ,  in establishin t h e  radiator area, consider a crew 
comp designed for n crew and a radiator d t h  an 
of 80 F and an out le t  of 40 F t o  g e an a v e ~ ~ ~ e  r 
heat rejection load : 
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s t o  campensate 
d t h e  heat re jec t ion  
on t h e  basis of f'h a rad ia tor  with 
ch i l l e r ,  T h i s  is 
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ious discussion in t h e  S ~ C ~ ~ O R  on space ~adiators 
ere The second loop, 
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coolants .  For e l e ,  i f  Freon 21 
eratwe would be l imi t ed  t o  is selected as t h e  coolant ,  t 
bout -30 t o  -40 F, as indica ted  i n  Figure B-3. Thus, f o r  a r a d i a t o r  de- 
at 60 F, t h e  heat  load reduct ion at lunar night condition would be 
binrite3 t o  ab0 
r a d i a t o r  with i c d  s o l a r  r e  e c t o r  surface.  If a vapor compression 
of t h e  design load as ind ica ted  i n  Figure B-2 f o r  a 
e r a t i o n  un i t  is incorporated i n t o  t h e  system so t h a t  t h e  r a d i a t o r  i s  
designed t o  operate  a t  120 F during l u  
lunar n ight  could be lowered t o  about of  t h e  design load ,  I n  essence, 
day, t h e  heat load reduct ion at 
B-13 
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ion of the surface coating. 
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APPENDIX C. SPECIFICATION FOR A 
MOBILE ELECTRICbL POWER SYSTEM FOR A LUNAR SURFACE BASE 
SCOPE 
This s p e c i f i c a t i o n  s e t s  f o r t h  the general  requirements for an 
E l e c t r i c a l  Power System (EPS) f o r  t he  generation, conditioning, and 
d i s t r i b u t i o n  of prime mobil i ty  power f o r  a Lunar Surface Mobility 
Vehicle (LSMV); and f o r  the support  of c e r t a i n  EVA a c t i v i t i e s  during 
f i e l d  explorat ion s o r t i e s .  
APPLICABLE DOCUMENTS 
Documents which a r e  re levant  t o  t h i s  s p e c i f i c a t i o n  s h a l l  be del ineated 
i n  order of precedence a t  a la te r  date .  
3. REQUIRESIENTS 
3.1- Design and Construction - The EPS s h a l l  comprise the following s i x  
elements : 
(1) A radioisotope hea t  source 
(2 )  A hea t - to  e l e c t r i c a l  energy conversion device 
( 3 )  A waste hea t  r e j e c t i o n  system 
(4) A power conditioning device (s  ) 
( 5 )  A b a t t e r y  system f o r  t he  s torage of e l e c t r i c a l  energy 
(6)  A power d i s t r i b u t i o n  system. 
A major considerat ion i n  the design and construct ion of t he  EPS 
s h a l l  be t h a t  the  radioisotope heat  source s h a l l  be r e a d i l y  i n s t a l l -  
ab l e  i n  t h e  primary energy por t ion  of t he  EPS of e i t h e r  t he  LSB or 
the LSIW, Therefore commonality s h a l l  e x i s t  between the  power 
systems of the LSB and LSMV t o  the  ex ten t  t h a t  in te rchangeabi l i ty  of 
h e a t  source modules i s  f a c i l i t a t e d ,  and t h a t  ind iv idua l  modules may 
be employed i n  e i t h e r  appl ica t ion .  
the remaining elements of the  LSMV EPS s h a l l  be an i n t e g r a l  p a r t  of 
the  vehicle .  
With the  exception of the b a t t e r i e s ,  
3.2 Performance 
3 . 2 , l  Radioisotope Heat Source - The .radioisotope f u e l  s h a l l  be Polonium- 
210, having a BOL s p e c i f i c  thermal power of 100 watts/gram. 
aggregate source s h a l l  be s ized  t o  provide 25 kwt a t  the end of one 
The 
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hal f - l i fe .  This requirement ensures the  d e l i v e r y  of 3.5 kwe from a 
15% e f f i c i e n t  EPS throughout a 138-day u t i l i z a t i o n  period. Power- 
f l a t t e n i n g  from BOL t o  t h e  end of t he  f i rs t  h a l f - l i f e  per iod s h a l l  
be a requirement of the h e a t  r e j e c t i o n  system. 
3.2.1.1 Heat Source Modu'larization - The radioisotope h e a t  source s h a l l  be 
comprised of an aggregate of modules. A module s h a l l  be designed 
i n  accordance with t h e  commonality and in t e rchangeab i l i t y  require- 
ments stated i n  3.1. A module shall  be designed i n  accordance wi th  
the f u r t h e r  requirements stated below: 
(1) The f u e l  material s h a l l  be r e l i a b l y  contained t o  permit safe 
handling by personnel, and t o  prevent acc iden ta l  contamination 
of t h e  environment 
(2 )  'The modules s h a l l  be designed t o  minimize r a d i a t i o n  hazsrds 
during interchanging operations,  and t o  accommodate the  
generation of helium gas wi th in  the  f u e l  containers .  
3.2.1.2 Shielding Requirements - The r a d i a t i o n  f luenee emanating from the  
h e a t  source s h a l l  be a t t enua ted  t o  a level  not t o  exceed 153 m i l l i -  
rems per  day a t  a r a d i a l  d i s t ance  of 10 f ee t  from the  source loca t ion  
i n  t h e  LSMV. F u l l  advantage s h a l l  be taken of LSMV geometry and 
construction, and supplementary shadow sh ie ld ing  may be used i n  
regions of the  f u e l  modules and hot-loop t r a n s f e r  regions as necessary 
t o  achieve t h i s  a t t enua t ion .  Figure C - 1  presents  shadow sh ie ld  
weights f o r  PU-238, which a r e  s u f f i c i e n t l y  c lose t o  t h e  requirements 
f o r  Po-210 t o  serve f o r  preliminary supplementary sh i e ld ing  est imat ion 
purposes. 
3.2.2 Energy Conversion - The conversion of radioisotope hea t  energy i n t o  
e l e c t r i c a l  energy s h a l l  be accomplished by means of a t u r b o e l e c t r i c  
device.  Consideration s h a l l  be given t o  both the organic-Hankine 
and the  Brayton thermodynamic cycles.  Whereas t h e  Brayton cycle can 
be made t o  operate  wi th  a system e f f i c i e n c y  i n  excess of 20%, i t s  low 
h e a t  r e j e c t i o n  temperature n e c e s s i t a t e s  a r e l a t i v e l y  l a r g e  r a d i a t o r  
area (roughly 230 sq.  f t . ) .  Inasmuch as power-flattening must a l s o  
be performed by t h e  cooling system, t h e  t o t a l  r a d i a t o r  area and 
weight may be excessive f o r  mobile app l i ca t ion .  The organic-Rankine 
cycle  i s  less e f f i c i e n t  (12 - 18%), bu t  requires approximately 20% 
less r a d i a t o r  area (roughly 175 sq.  f t .  ) than t h e  Brayton cycle.  
Se l ec t ion  of the thermodynamic cycle s h a l l  be made fol lowing trade 
and i n t e r f a c e  s t u d i e s  re la t ive t o  t h e  i d e n t i f i c a t i o n  of s u i t a b l e  heat 
r e j e c t i o n  areas on, and near t h e  LSlW s t r u c t u r e .  
3.2.3 Et Reject ion - A h e a t  r e j e c t i o n  system s h a l l  be provided t o  main- 
t a i n  the  design cold junct ion temperature o f  the thermodynamic cycle 
s e l e c t e d  f o r  t he  energy conversion device,  The system shall  employ 
r ad ia to r s ,  and a u x i l i a r y  extended surfaces  i f  required,  Coolant 
loops wi th  working f l u i d s  compatible wi th  t h e  e x t e r n a l  environment 
described i n  t h i s  spec i f i ca t ion ,  s h a l l  be used t o  t r a n s p o r t  waste 
h e a t  from cold-junction po in t s  t o  the  r e j e c t i o n  a reas .  b i n t e n a n c e  
c-2 
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Figure C-1, Radioisotope Shie ld  Weights 
of the  design cold- junct ion temperature implies t h a t  s u f f i c i e n t  
r a d i a t o r  capac i ty  must be provided t o  a l s o  d i s s i p a t e  excess energy 
(power f l a t t e n i n g )  during e a r l y  por t ions  of t he  radioisotope ha l f -  
l i f e .  
3 .2 .3 .1  Coatings - Any riecessary coat ings s h a l l  be provided t o  p r o t e c t  t he  
r a d i a t o r  sur faces  from W and micrometeoroid degradation, and t o  
enhance hea t  r e j e c t i o n  performance. 
3 .2 .4  Power Conditioning - A power condi t ioning system s h a l l  be provided t o  
perform the  following func t ions  f o r  an average e l e c t r i c a l  load of 
3 5 k i lowat t s :  
(1) Provide vol tage regula t ion  f o r  t he  tu rboa l t e rna to r  
( 2 )  Convert t h e  generator output t o  e l e c t r i c a l  energy of the  
forms an3 q u a l i t y  required by the  LSMV subsystems 
(3 )  To charge s i l v e r  oxide cadxium b a t t e r i e s .  
3.2.5 Bat tery System - Energy s torage  s h a l l  be performed by a s i lver -oxide-  
cadmium b a t t e r y  s e t  having a 10,000 ampere-hour capac i ty  a t  the  one- 
hour r a t e .  The b a t t e r i e s  s h a l l  have a t o t a l  volume of not more than 
13 f t3 ,  and s h a l l  have a t o t a l  weight of not  more than 700 pounds. 
3.2.6 Power Di s t r ibu t ion  - One 8 . c .  buss and a t  l e a s t  two d .c .  busses s h a l l  
be provided as i n i t i a l  po in t s  of power d i s t r i b u t i o n .  The number of 
busses required s h a l l  be a func t ion  of t he  nature  of u se r  loads and 
the  degree of electromagnetic compat ib i l i ty  which must be achieved. 
3.2.6.1 Motive Power Di s t r ibu t ion  - Power for t he  d r ive  motors s h a l l  be 
d i s t r i b u t e d  from an independent buss .  A l l  motive power d i s t r i b u t i o n  
l i n e s  s h a l l  be capable of handling 100 amperes f o r  5-hours. 
3.2.6-2 Di s t r ibu t ion  of  Power t o  External  Loads - The EPS s h a l l  be capable 
of t r a n s f e r r i n g  power t o  luna r  pe r iphe ra l  equipment f o r  t he  support  
of f i e l d  a c t i v i t i e s .  Additionally,  the  EPS s h a l l  be capable of pro- 
viding emergency power t o  the  LBS should the  need a r i s e .  
s u i t a b l e  receptac les  f o r  such e x t e r n a l  loads s h a l l  be provided a s  
p a r t  of t h e  d i s t r i b u t i c n  system. 
Accordingly, 
3 -3  Natural  Environment 
3.3.1 Thermal Environment - During the  354-hour lunar  day, t he  LSMV w i l l  
receive hea t  from d i r e c t  sunl ight ,  sunl ight  r e f l e c t e d  from t h e  l u n a r  
surface,  and frcm I R  energy emitted by t h e  lunar  sur face .  During 
the  lunar  night ,  the only source of  e x t e r n a l  hea t  w i l l  be t h e  sur face  
I R  r ad ia t ion  which dec l ines  t o  very low values j u s t  before  sun r i se .  
The r e s u l t i n g  thermal environment s h a l l  be taken as t h a t  which i s  
presented a s  Figure C-2. 
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Figure '2-2. Lunar External  Thermal Environment 
3.3.2 Natural  Radiation Environment - The background n a t u r a l  r ad ia t ion  
environment s h a l l  be considered t o  be p r i n c i p a l l y  the  e l e c t r o -  
magnetic and p a r t i c u l a t e  ( s o l a r  wind) r ad ia t ions  from t h e  sun. 
Radiation r e s u l t i n g  from solar f l a r e  a c t i v i t y  s h a l l  be superimposed 
on t h e  background r ad ia t ion  environment t o  determine the  t o t a l  
f luences 
3.3.3 Environmental Conditions Induced by Mobility 
3.3.3.1 - D u s t  - Apollo experience has shown t h a t  l una r  d u s t  may be r e a d i l y  
deposi ted on sur faces  a s  a r e s u l t  of a c t i v i t y  on-the l u n a r  ground. 
Consideration s h a l l  be given t o  the  performance of t he  EPS hea t  
r e j e c t i o n  system under probable d u s t  deposi t ion condi t ions.  
3.3.3.2 Vibrat ion - The EPS s h a l l  be designed t o  operate  r e l i a b l y  under a l l  
condi t ions of road shock and v ib ra t ion  which a r e  an t i c ipa t ed  during 
operat ion of t he  LSMV. 
3 .4  b i n t e n a n c e  and Repair - The EPS s h a l l  be designed f o r  ease of main- 
tenance and r e p a i r ,  Provisions s h a l l  be made f o r  carrying a su rv iva l  
k i t  of hardware spare  p a r t s  on a l l  s o r t i e s .  
3 .4 .1  Resupply - A l l  maintenance schedules,  including radioisotope module 
exchange due t o  h a l f - l i f e  deplet ion,  s h a l l  be based on a resupply 
cycle of 180 days. 
3.5 Service Life - The serv ice  l i f e  of the  EPS (exclusive of radioisotope 
f u e l  modules) s h a l l  be from 2 t o  5 years .  
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APPEXDM D, MSS/LSB FVNCTIONAL REQUIREMECJTS COMPARISON 
The NR Modular Space S t a t i o n  (MSS) was defined f o r  use i n  e a r t h  o r b i t ,  
whereas the  LSB modules w e r e  defined t o  s a t i s f y  the  LSB mission which involves 
d i f f e r e n t  conditions.  
p r a c t i c a l i t y  depends on the  modification requirements. This ana lys i s  w a s  
performed t o  i d e n t i f y  any major f u n c t i o n a l  d i f fe rences  which could r e s u l t  i n  
design d i f fe rences .  
Use of MSS modules may appear a t t r a c t i v e ,  bu t  the 
Table D - 1  p resents  a top l e v e l  comparison which ind ica t e s  one major 
MSS funct ion is not required f o r  LSB appl ica t ion .  
Tables D-2 through D-7 provide a de ta i l  breakdown by subsystem, f o r  
a l l  those t h a t  apply.  
Table D-1. LSB-IvES Funct ional  Requirements Analysis 
Subsystem Re qu i r e  d 
1. Atmospheric Management 
2. Crew Services Management 
3. E l e c t r i c a l  Power and D i s t r i b u t i o n  
4, Communications 
5 e Information Management 
6. S t r u c t u r a l  
7. P o s i t i o n  and S t a b i l i t y  Control 
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APPENDIX E,  LSB LANDING SIm CONSIDERATIONS 
A p r i n c i p a l  a c t i v i t y  of t he  LSB w i l l  be the rout ine  landing and 
launching of l o g i s t i c  spacecraf t  from and t o  lunar  o r b i t .  This func t ion  w i l l  
r equi re  a designated f l i gh t -pad  f a c i l i t y  having acceptable  approach character-  
i s t i c s  and necessary ground support  equipment, and a t  l e a s t  m i n i m a l  improve- 
ments t o  f a c i l i t a t e  t he  handl ing and movement of passengers and f r e i g h t .  
The d i r e c t i o n  of landing approach from o r b i t  w i l l  determine the  major 
This area should have a axis of an el l ipse-shaped landing area  f o r  'the LSB. 
reasonably smooth and unc lu t te red  sur face  a t  l e a s t  two miles wide and f i v e  t o  
t en  miles  long, w i t h  an unobstructed low-angle approach path t o  favor  e a r l y  
v i s u a l  s p o t t i n g  and a f fo rd  maximum l ine -o f - s igh t  range t o  a l igned  f l i g h t  
communication and beacon t r ansmi t t e r s .  The f l i g h t  approach d i r e c t i o n  should 
tend t o  be perpendicular  t o  the  p reva i l i ng  contours, b u t  no determinat ion has 
y e t  been made as t o  grad ien t  cons t r a in t s  or whether the approach should 
preferab ly  be made toward an ups lopedor  dawnsloped sur face ,  
A c i r c l e  approximately 300 f e e t  i n  diameter near  the  cen te r  of the  
e l l i p t i c a l  landing area w i l l  be designated the  Spacecraf t  Landing S i t e ' f o r  
de f in i t i on ,  f l i g h t  t a r g e t i n g  and improvement purposes. A suggested design 
f o r  such a f a c i l i t y  i s  indica ted  on Figure E-1, e n t i t l e d  "LSB Landing S i t e " .  
The uprange and downrange ends of the  area w i l l  be  reserved f o r  poss ib le  
overshot and undershot landings,  w i t h  vehicu lar  access  v i a  the se rv ice  roads 
routed t c  the  naviga t iona l  a i d  s t a t i o n s .  
The i n s t a l l a t i o n  of a homing beacon (RF' and v i s u a l )  and a f a n  marker 
beacon i s  suggested as a p r a c t i c a l  minimum f o r  naviga t iona l  and landing a id  
purposes. Although the  antennae would probably be permanently i n s t a l l e d ,  t he  
use of por tab le  t r a n s m i t t e r s  and/or s e l f  -contained power sources should be 
considered, and e s p e c i a l l y  f o r  the  more d i s t a n t  f a n  marker. 
The s h e l t e r  w i l l  contain the var ious p ro tec t ive  s t r u c t u r e s  and most 
of t h e  i tems of support  and opera t iona l  equipment requi red  f o r  the operat ion 
of a manned l u n a r  sur face  base.  
from the  landing s i t e  t o  minimize the  landing hazard and the  grad ien t  a long 
the  main connecting road, and approximately 6,000 f e e t  d i s tance  from the  
landing s i t e  t o  minimize the  dus t  problem a t  t h e  complex and s t i l l  be wi th in  
p r a c t i c a l  walking and power d i s t r i b u t i o n  l i m i t s .  
s i t e  w i l l  be connected by a s i n g l e  lane  main road which w i l l  loop the func t iona l  
a r ea  a,t  each end. 
This complex w i l l  be loca ted  cross-range 
The s h e l t e r  and the landing 
I n  order  t o  func t ion  as a t a r g e t  f o r  p rec i se  landings the  pad mus t  be 
v i s u a l l y  i d e n t i f i a b l e  t o  incoming spacec ra f t  p i l o t s  during t h e i r  f i n a l  approach 
across  the  r e l a t i v e l y  f e a t u r e l e s s  lunarscape,  A permanently i n s t a l l e d  a r r a y  
of s i te  markers is  suggested f o r  this  purpose, cons i s t ing  of white panels  
arranged i n  a r a d i a l  sunburst  pa t t e rn .  The r a d i a l  arrangement w i l l  minimize 
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t he  des t ruc t ive  and dus t  deposi t ion aspec ts  of rocket  exhaust plumes and a t  
the  same t i m e  c r ea t e  a d i s t i n c t i v e  image on the  lunar  surface.  
Each panel  assembly would cons i s t  of a f r ang ib le  r i g i d - p l a s t i c  r e f l e c t o r  
panel loca ted  a t  t h e  innermost end of a ribbon of f l e x i b l e  shee t  p l a s t i c ,  and 
a l l  would be pinned down’to t h e  sur face  t o  maintain t h e i r  proper pos i t i ons  
and alignment. 
and a l a t t i c e d  sur face  t o  maximize r e f l e c t i o n  and v i s i b i l i t y  from a l l  d i r ec t ions  
above, and a t  the  same time minimize dus t  r e t en t ion  and any u p l i f t  assoc ia ted  
with rocket  exhaust. 
i n  recogni t ion of t h e  f a c t  t h a t  a spacecraf t  might a t  some time land d i r e c t l y  
on top of t h e  panel.  
The r i g i d - p l a s t i c  panels would be designed wi th  a folded shape 
The f r ang ib le  a spec t  of t he  design is a s a f e t y  feature 
A suggested shape and s e t  of dimensions i s  shown on Figure E-1. The 
dimensions of t h e  r i g i d  panel  are constrained by l o g i s t i c  considerat ions 
the  s i z e s  suggested a r e  intended f o r  two-piece shipment wi th in  a 1.5 f o o t  
diameter by 30 foo t  long s h e l t e r  module, assuming the  5 f o o t  4 inch  ne t  width 
of t h e  ha l f -pane l  would pass  through a min imum 5 f o o t  6 inch high door open- 
i n g  i n  the  end of t he  module. 
concepts a r e  q u i t e  possible .  
O f  course, o ther  assembly plans and shipment 
The suggested white color  i s  t o  achieve a maximum con t ra s t  aga ins t  t he  
bland l o w  albedo luna r  sur face .  A s  a f u r t h e r  a i d  t o  v i s u a l  spo t t ing  by an 
incoming p i l o t  (or even an  o r b i t i n g  p i l o t )  it is  recommended t h a t  each, white 
r e f l e c t o r  panel  be equipped wi th  a luminary u n i t  posi t ioned d i r e c t l y  above the  
broad end of the  panel.  This luminary would be designed as a sea led  u n i t  
having a p l a s t i c  enclosure under a r e f l e c t o r  p l a t e  t o  p ro jec t  white l i g h t  
down upon the  r e f l e c t i n g  surface,  and having a red or green h igh- in tens i ty  
f l a s h e r  l i g h t  posi t ioned above the  r e f l e c t o r  p l a t e .  The e n t i r e  u n i t  would 
be mounted a top  a hinged arm which could be swung down t o  allow convenient 
s e rv i c ing  by s u i t e d  personnel. 
Although perhaps most e s s e n t i a l  f o r  possible  lunar  n ight  landings, 
t he  luminaries ( e spec ia l ly  the  colored f l a s h e r  u n i t s )  would nonetheless a l s o  
serve very w e l l  during normal daytime landings.  The l i g h t s  could be operated 
i n t e r m i t t e n t l y  or f lashed,  together  or i n  any sequence, t o  (1) conserve 
power drain,  (2)  enhance visual  spot t ing ,  and (3)  transmit information by 
v i s u a l  s i g n a l  t o  landing or o r b i t i n g  spacecraf t .  
Power supply and con t ro l  cables  lead ing  t o  the  pad w i l l  serve the  a l t e r n a t e  
and d u a l  purposes of powering the  luminaries and beacons during landing (and 
poss ib ly  take-off ) operations,  and t h e r e a f t e r  support ing the  spacecraf t  dur- 
i n g  i t s  s t a y  on the  pad, These cables  would terminate  a t  a junct ion box, 
which would d i s t r i b u t e  the pawer and a l s o  provide a connector f o r  t he  space- 
c r a f t  umbil ical  cable which would be l a i d  over t he  sur face  a f t e r  landing. 
These cables  should be i n s t a l l e d  wi th  a minimum bury of a t  l e a s t  12 inches 
and s o  loca ted  as t o  minimize t h e  p o s s i b i l i t y  of damage from vehicular  t r a f f i c  
and poss ib le  sur face  e rcs ion  a t  the  pad. The s o i l  cover over bur ied  cables  
w i l l  a l s o  provide in su la t ion  pro tec t ion  aga ins t  s o l a r  r ad ia t ion .  
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It i s  noted t h a t  t he  range marker and homing beacon f a c i l i t i e s  w i l l  be 
located r e spec t ive ly  i n  t h e  uprange and downrange emergency landing areas, and 
that  the roads i n t o  these areas w i l l  serve the dua l  purpose of f a c i l i t y  se rv ice  
access  and a measure of improved road access t o  emergency landing inc iden t s .  
It is  noted t h a t  these se rv ice  roads should be arranged s o  as t o  compliment 
t he  road/route requiremenss t o  remote explorat ion areasg b u t  a t  the same t i m e  
avoid unnecessary crossings of t he  cable system. 
Figure E-1 a l s o  shows a t y p i c a l  d e t a i l  of t h e  standard roadway marker 
proposed f o r  use throughout the  main LSB area,  and a d e t a i l  of accessory 
add i t ions  f o r  u s e  as route  markers i n  more remote loca t ions .  The l a r g e  white 
p l a s t i c  sphere on top  ( a c t u a l l y  two nestable  hemispheres) i s  t o  f a c i l i t a t e  t he  
s p o t t i n g  of a route  or con t ro l  po in t  from a d i s t ance  by the  driver of a luna r  
surface vehicle .  
f a c i l i t i e s  (i. e.  antenna s t a t i o n ) ,  or fo rks  a long f r equen t ly  used explorat ion 
routes,  or as t r a i l  markers dropped o f f  by explorat ion p a r t i e s .  
Typical l oca t ions  f o r  route  markers might be out lying base 
The problem of. poss ib l e  s o i l  erosion wi th in  the  c e n t r a l  pad area of the 
landing s i t e  deserves some mention. Although t h e  gust ing fo rces  assoc ia ted  
wi th  the  rocket  exhaust plumes of lunar  landing veh ic l e s  a r e  reported much 
l e s s  severe than i s  usua l ly  a s soc ia t ed  wi th  rocket  and j e t  engine exhausts 
on ear th ,  th is  aspect  i s  l a r g e l y  o f f s e t  by t h e  l ack  of an  atmosphere and the  
1/6 grav i ty  f a c t o r s  on the Moon. The n a t u r a l  r e s u l t  of th is  combination of 
f a c t o r s  would i n d i c a t e  a severe dus t  and erosion problem i f  t h e  landing pad 
i s  located i n  an  area which has a t h i c k  mantle of unconsolidated dus t  and 
rock debris,  and e s p e c i a l l y  i n  view of t h e  almost c e r t a i n  l ack  of a heavy 
construet ion c a p a b i l i t y  during a t  least  the  i n i t i a l  and e a r l y  periods of 
LSB a c t i v i t y .  
No r e a l l y  good s o l u t i o n  t o  the landing pad erosion problem i s  y e t  
apparent.  
p rov i l e s  f o r  l una r  landing type rocket  engines i s  such t h a t  something i n  the  
nature of a s p e c i a l  t a r p a u l i n  could serve as a take-off pad, however, a 
reasonable s i zed  t a r p a u l i n  would c o n s t i t u t e  q u i t e  a problem f o r  a landing p i l o t  
( o r  t he  ground crew), and a f u l l  s i z e d  (300 f o o t  diameter) t a r p a u l i n  would be 
p r o h i b i t i v e l y  heavy and of doubtful  d u r a b i l i t y  on a s o f t  sur face .  
It has been noted t h a t  t h e  exhaust impingement t e m ~ e r a t u r e / p r e s s u r s  
Other a l t e r n a t i v e s  for s o l u t i o n  of t he  d u s t  problem would t h e r e f m e  
seem t o  b e , t o  s e l e c t  a pad-si te  where the  surface i s  e i t h e r  devoid of s i g n i f i c a n t  
dus t  cover, or covered by not more than one or two f e e t  of d u s t  s o  t h a t  several. 
landings during t h e  i n i t i a l  explorat ion or construct ion phases cculd blow the 
su r face  clean and expose a reasonably f i r m  subgrade su r face  (hopefully smooth 
and nea r ly  l e v e l ) ,  A similar a l t e r n a t e  proposal would be t o  c l ean  t h e  su r face  
with a series of uniquely designed explosive charges - t h i s  technique might be 
e s p e c i a l l y  appropriate  and necessary i f  the mantle i s  up t o  two, three or f o u r  
f e e t  t h i c k  and contains  rock debris a long with the f i n e  dus t .  
Space Division 
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APPENDIX F, LUNAR SURFACE BASE MAINTENANCE PLAN 
GENERAL 
Lunar Surface  Base (LSB) mission success  and crew s a f e t y  over t he  
long d u r a t i o n  of t h e  mission depend upon continuous system oper -  
a t i o n .  The requirement f o r  s u s t a i n e d ,  l o n g - l i f e  equipment o p e r a t i o n  
e s t a b l i s h e s  t h e  need f o r  m a i n t a i n a b i l i t y  because maintenance reduces 
t h e  need f o r  e x t e n s i v e  development t o  main ta in  system r e l i a b i l i t y .  
A l l  elements of t h e  LSB program, inc lud ing  experiments and suppor t  
equipment, s h a l l  be designed f o r  complete m a i n t a i n a b i l i t y .  Mainten- 
ance i s  the  r e s t o r a t i o n  of p r e s e r v a t i o n  of an equipment t o  i t s  
designed o p e r a t i o n a l  cond i t ion .  By the  optimum u t i l i z a t i o n  o f  
maintenance dur ing  miss ion  o p e r a t i o n ,  t he  impact of damage and f a i l -  
u r e s  can be g r e a t l y  reduced. 
REFERENCE DOCUMENTS 
SGE-QUAL-69-9, NASA/MSC Mission M a i n t a i n a b i l i t y  and Maintenance 
Guide l ines ,  1 May 1 9 6 9 .  
MAINTENANCE CATEGORIES 
Mission maintenance a c t i v i t i e s  i nc lude  f a u l t  d e t e c t i o n ,  f a u l t  i s o l a t i o n ,  
s e r v i c i n g ,  c a l i b r a t i o n ,  adjustment ,  r e p a i r ,  mod i f i ca t ion ,  replacement ,  
update and re furb ishment ,  and f u n c t i o n a l  v e r i f i c a t i o n .  Maintenance 
a c t i v i t i e s  a r e  ca t egor i zed  e i t h e r  a s  scheduled o r  unscheduled. 
Scheduled maintenance (prevent ive  maintenance) i s  any planned main- 
tenance a c t i v i t y  deemed necessary  t o  r e t a i n  or enhance t h e  f u n c t i o n a l  
c a p a b i l i t y  of t he  equipment. 
Unscheduled maintenance ( c o r r e c t i v e  maintenance) is  the  a c t i v i t y  r e -  
qu i r ed  t o  r e s t o r e  normal ope ra t ing  c a p a b i l i t y  a f t e r  a random f a i l u r e ,  
l o s s  of c a l i b r a t i o n ,  d r i f t ,  damage, e t c . ,  of f u n c t i o n a l  and non- 
f u n c t i o n a l  equipments. Unscheduled maintenance stems from discovery  
of  a f a i l e d ,  damaged, o r  degraded equipment, and i s  the  r e s t o r a t i o n  
of an equipment t o  i t s  designed o p e r a t i o n a l  cond i t ion  o r  replacement 
o f  t he  mal func t ioning  o r  damaged i t e m .  
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ANALY S IS 
A maintenance a n a l y s i s  s h a l l  be performed on a l l  elements o f  t he  LSR 
mission.  Maintenance e s t i m a t e s  and p r e d i c t i o n s  w i l l  be developed 
f o r  each subsystem t o . s e r v e  a s  m a i n t a i n a b i l i t y  goa l s .  The a n a l y s i s  
w i l l  a s s i s t  i n  t r a d e - o f f  s t u d i e s  w i t h  redundancy and hardware r e l i a -  
b i l i t y ,  and w i l l  e v a l u a t e  mission maintenance a c t i o n  i n  r e l a t i o n  t o  
mission c o n s t r a i n t s  and l i m i t a t i o n s ;  e . g .  weight and volume. 
The a n a l y s i s  s h a l l  begin  dur ing  t h e  des ign  concept phase of t he  p r o -  
gram and s h a l l  be c o n t i n u a l l y  updated a s  t he  program p r o g r e s s e s .  Tlic 
a n a l y s i s  s h a l l  r e s u l t  i n  t he  fo l lowing:  
Maintenance c r i t i c a l i t y  ca tegory  l i s t . .  
Maintenance p r i o r i t y  l i s t .  
Recommendation a s  t o  t he  i tems t h a t  s h a l l  be maintained 
and any des ign  mod i f i ca t ions  and/or  suppor t ing  develop- 
ment r e q u i r e d  t o  a l low maintenance of t hese  i tems .  
L i s t  of any i tems f o r  which maintenance was n o t  recom- 
mended, g iv ing  the  reason why the  i tem i s  not  t o  be 
maintained e 
T o o l s ,  equipment, and f a c i l i t i e s  r e q u i r e d .  
Weight and volume of maintenance equipment requirements .  
Recommendation of time a l l o c a t i o n s  f o r  a l l  maintenance 
a c t i o n s  e 
M A I N T A I N A B I L I T Y  C R I T E R I A  
M a i n t a i n a b i l i t y  i s  the  des ign  c h a r a c t e r i s t i c  t h a t  f a c i l i t a t e s  t he  
p r e s e r v a t i o n  o r  r e s t o r a t i o n  of an element t o  i t s  designed o p e r a t i o n a l  
s t a t e  w i th  a minimum of t i m e ,  s k i l l ,  and r e sources  under the  planned 
maintenance environment. 
M a i n t a i n a b i l i t y  s h a l l  n o t  be an i s o l a t e d  requirement  t h a t  i s  cons idered  
s e p a r a t e l y ,  b u t  s h a l l  be developed a s  an i n t e g r a l  p a r t  of t he  t o t a l  
des ign  requirements  e 
M a i n t a i n a b i l i t y  s h a l l  be inco rpora t ed  i n t o  each  element u t i l i z e d  t o  
accomplish the  L S B  mission such a s  s p a c e c r a f t ,  l a n d e r s ,  s h e l t e r s ,  
r o v e r s ,  f l y e r s ,  experiments ,  and equipment and t o o l s  f o r  f a b r i c a t i o n ,  
assembly, and t e s t  of va r ious  elements .  Not  only s h a l l  element main- 
t a i n a b i l i t y  be a t t a i n e d ,  b u t  a l s o  mission conf igu ra t ion  m a i n t a i n a b i l i t y  
s h a l l  be provided ,  
D E S I G N  CHARACTERISTICS 
During the  conceptual  phase,  the  fo l lowing  des ign  f a c t o r s  should be 




North American Rocltwell 
Replaceable Unit  (RU) - Subsystem maintenance and r e p a i r  w i l l  
be accomplished normally by removal and replacement a t  an RU 
l e v e l .  The removed RU may than  subsequent ly  be r e p a i r e d  a t  t h e  
p i ece  p a r t  l e v e l .  Important c h a r a c t e r i s t i c s  o f  an RU a r e :  
1)  I t  should be a l o g i c a l ,  f u n c t i o n a l  u n i t .  
2 )  I t  must be capable  of performance measurement and 
3 )  I t  should be capable  of replacement by a s i n g l e  crew 
4)  Removal and replacement of t he  RU must n o t  c r e a t e  an un- 
5 )  Maintenance t o o l s  and techniques  shou1.d be s t a n d a r d i z e d ,  
6 )  Removal and replacement techniques  should be i d e n t i c a l  f o r  
f a i l u r e  i n d i c a t i o n  by means of an onboard checkout system. 
member e 
s a f e  c o n d i t i o n  and should be accomplished wi th  minimum i m -  
p a c t  t o  subsystem o p e r a t i o n ,  
and time t o  perform maintenance should be known. 
bo th  planned and unplanned maintenance. 
Monitor/Alarm - Se lec t ed  measurements r e f l e c t i n g  t h e  subsystem 
operat ion/performance should be cued by t h e  onboard checkout 
system t o  determine o p e r a t i o n a l  s t a t u s .  When a performance 
anomaly occur s ,  t he  f a u l t  a r e a  and d e t e c t i o n  mode s h a l l  be 
immediately a v a i l a b l e  a t  t he  c o n t r o l  p a n e l .  
Fau l t  Detec t ion  - Detec t ion  of suspec t  malfunct ion i s  accomplished 
e i t h e r  by readout  from the  onboard checkout system o r  by manual 
and v i s u a l  methods. The method(s) s e l e c t e d  should be determined 
based on time element ,  s k i l l  l e v e l s ,  r e p a i r a b i l i t y  and main ta in-  
a b i l i t y ,  p roximi ty  t o  LSB f a c i l i t i e s ,  and equipment a v a i l a b l e .  
I s o l a t i o n  and V e r i f i c a t i o n  - F a u l t  i s o l a t i o n  o f  a v e r i f i e d  mal- 
f u n c t i o n  i s  a c c o m p l i m y  crew a c t i o n  c o n s i s t i n g  of d a t a  
e v a l u a t i o n ,  i n s p e c t i o n ,  o r  t e s t  s t imulus  of t h e  f a i l e d  assembly. 
A c c e s s i b i l i t y  - Equipment and equipment suppor t  s h a l l  be a c c e s s i b l e  
and s o  arranged t o  permi t  passage of u n i t s ,  t o o l s ,  and crew f o r  
r e p a i r .  The r o u t e  s h a l l  be s a f e l y  t r a v e r s a b l e  i n  a p r e s s u r i z e d  
s u i t ,  
Crew and Equipment S a f e t y  - Rough s u r f a c e s ,  sharp  c o r n e r s ,  and 
un insu la t ed  power l e a d s  s h a l l  be e l imina ted .  L i m i t  s t o p s  s h a l l  be 
provided on r o l l - o u t  r a c k s  and drawers t o  prevent  t h e i r  being 
dropped. C a p a b i l i t y  s h a l l  be provided t o  i s o l a t e  those  segments 
of t he  subsystem which w i l l  r e q u i r e  r e p a i r ,  replacement ,  o r  
s e r v i c i n g ,  such t h a t  t h e  c r i t i c a l  subsystem f u n c t i o n s  remain 
a c t i v e ,  and hazard t o  personnel  and contaminat ion o f  t h e  env i ron -  
ment o r  subsystem i s  prevented .  
F-3 
Space Division 
North American Rocltwell 
E l e c t r i c a l  Connectors and Cables - Connections s h a l l  be p o s s i b l e  
only i n  t h e  c o r r e c t  o r i e n t a t i o n  and c a b l e s  s h a l l  be a t t a c h e d  t o  
remain a t  t h e  s i t e  o f  t h e  d i sconnec t .  
SPARES 
From t h e  miss ion  maintenance a n a l y s i s ,  a s s i s t a n c e  w i l l  be provided f o r  
t h e  r e l i a b i l i t y  and s a f e t y  de t e rmina t ion  of i tems t o  be r e p a i r e d .  
These i tems w i l l  e s t a b l i s h  the k ind  of s p a r e s  r equ i r ed .  The s p a r e s  
requirement  f o r  a l l  major miss ion  elements w i l l  be examined f o r  
equipment d u p l i c a t i o n  and s t o r a g e  requi rements .  The i n d i v i d u a l  l i s t s  
w i l l  be i n t e g r a t e d  t o  minimize t h e  number and types of s p a r e s  whi le  
r e t a i n i n g  t h e  r e q u i r e d  r e l i a b i l i t y .  
During miss ion  o p e r a t i o n ,  a means s h a l l  be a v a i l a b l e  f o r  checking 
s p a r e s  t o  determine i f  a s p a r e  i s  i n  o p e r a t i n g  cond i t ion  p r i o r  t o  i n -  
s t a l l i n g  t h e  s p a r e  i n  t h e  system. P r e f e r a b l y ,  t he  cond i t ion  of t h e  
s p a r e  s h a l l  be a s c e r t a i n e d  p r i o r  t o  removal f rom t h e  s t o r a g e  l o c a t i o n .  
TOOLS,  EOUIPMENT. AND F A C I L I T I E S  
The t o o l s ,  equipment, and f a c i l i t i e s  s h a l l  be de f ined  t h a t  must b e  
aboard e i t h e r  t h e  pr imary miss ion  o r  resupply  mission i f  miss ion  main- 
tenance i s  t o  be s u c c e s s f u l l y  accomplished. Requirements should 
cons ide r  i t ems  t h a t  a r e  p o r t a b l e ,  can be u t i l i z e d  i n  more than  one 
l o c a t i o n ,  and can be u t i l i z e d  t o  check ou t  more than one i tem o r  one 
system. 
Tools ,  equipment, and f a c i l i t i e s  s h a l l  be minimized t o  t h e  e x t e n t  
f e a s i b l e .  Coordina t ion  w i t h  des ign  eng inee r ing  w i l l  be i n i t i a t e d  
dur ing  p r e l i m i n a r y  des ign .  The p re l imina ry  des ign  of a l l  major e l e -  
ments s h a l l  be analyzed t o  determine common o r  m u l t i p l e  usage of i tems 
among major e lements .  
To reduce weight  and complexity and t o  i n c r e a s e  s a f e t y ,  hand ope ra t ed  
t o o l s  a r e  p r e f e r r e d  t o  power ope ra t ed .  
A l l  maintenance equipment s h a l l  be e a s i l y  and s a f e l y  t r a n s p o r t a b l e .  
To ene rg ize  a power ope ra t ed  i tem s h a l l  r e q u i r e  an o v e r t  conscious a c t  
of t h e  repairman,  Design s h a l l  p reven t  a c c i d e n t a l  e n e r g i z a t i o n .  
INVENTORY SYSTEM 
An inven to ry  system s h a l l  be e s t a b l i s h e d  t o  account f o r  and c o n t r o l  
t he  d i s p o s i t i o n  of s p a r e s  and maintenance t o o l s ,  equipment, and f a c i -  
l i t i e s ,  The system s h a l l  p rovide  f o r  qu ick ,  ea sy ,  and a c c u r a t e  up- 
d a t i n g  of d a t a  needed f o r  r e p a i r  r e sources  o f  each i n d i v i d u a l  element 
and i n t e g r a t e d  miss ion  hardware. 
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PROCEDURES AND DISPLAYS 
A s t e p - b y - s t e p  procedure s h a l l  be developed f o r  each r e p a i r  t a s k .  
I f  au tomat ic  i s o l a t i o n  t o  the l e v e l  of r e p a i r  i s  n o t  provided ,  t h e  
procedure s h a l l  i nc lude  d e s c r i p t i o n  f o r  manual i s o l a t i o n ,  r e p a i r  
r e sources  r e q u i r e d ,  equipment o p e r a t i n g  i n s t r u c t i o n s ,  t e s t  p o i n t s  
t o  be checked, expected o u t p u t s ,  and each s t e p  i n  t h e  a c t u a l  r e p a i r  
o r  maintenance. 
Procedures s h a l l  be b r i e f ,  unde r s t andab le ,  and easy  t o  r e a d  and 
f o l l o w  dur ing  a n t i c i p a t e d  normal and emergency environmental  c o n d i t i o n s .  
A method o f  indexing  and d i s p l a y  s h a l l  be developed which w i l l  a l low 
immediate a v a i l a b i l i t y  of f a i l u r e  informat ion  and ready s e l e c t i o n  of 
r e p a i r  mode. A common medium s h a l l  be used f o r  a l l  in format ion  d i s -  
p l a y .  The medium s h a l l  be h i g h l y  r e l i a b l e  and useable  under adverse  
environmental  c o n d i t i o n s .  If t h e  d i s p l a y  i s  an o p e r a t i o n a l  dev ice ,  
t h e  medium s h a l l  be r e p a i r a b l e  du r ing  t h e  miss ion .  
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